Summary: A case of fatal rupture of a giant internal carotid aneurysm is reported, which occurred after an extracranial to intracranial (EC-IC) bypass surgery combined with occlusion of the proximal internal carotid artery (ICA) by detachable balloons. A 65-year-old woman presented with progressive visual deterioration due to an unruptured giant aneurysm at the supraclinoid segment of the ICA. Since the patient did not tolerate a balloon occlusion test of the ICA, saphenous vein graft was undertaken between the proximal external caroid artery and the middle cerebral artery (MCA).
Introduction
Occlusion of the proximal parent artery is an accepted alternative treatment for unclippable aneurysms.6)11)15) It may be performed by surgical ligation, gradual clamp or detachable balloon. Extracranial to intracranial (EC-IC) bypass surgery has been used to increase the collateral reserve when collateral circulation is insufficient.17)24) Saphenous vein graft is especially useful when an adequate superficial temporal artery is not available or an immediate high flow is required. 25) Hemorrhagic complications occur very rarely after bypass surgery followed by carotid occlusion.1)10)12)14)21) In this report, rupture of an unruptured giant aneurysm at the ICA after balloon occlusion of the parent artery following an EC-IC high-flow bypass is presented. It is speculated that a change of blood flow pattern or increased intraaneurysmal pressure resulted from a high-flow bypass caused this unusual complication. The role of intramural hemorrhage in acutely thrombosed giant intracranial aneurysms should also be considered as an alternative explanation for the rupture.20) 22) Case Report A 65-year-old woman was admitted with a two-year history of a progressive visual disturbance. Her left eye became blind and vision decreased in her right eye from six months ago. She was also suffered from an intermittent frontal headache for ten years. Neurologic examination revealed left blindness, but she was able to count fingers at 50 cm distance with her right eye which showed temporal visual field defect. Bilateral optic disc atrophy, more severe on the left, was noted. A cranial computed tomographic (CT) scan and magnetic resonance imaging demonstrated a 2.5cm sized aneurysm in the suprasellar region compressing the optic chiasm and the left optic nerve. There was no evidence of intramural thrombus formation or a SAH (Fig. 1) . Right internal carotid angiography disclosed a giant aneurysm arising from the supraclinoid segment of the ICA with a broad neck (Fig.2) . There was an irregular narrowing at the M1 segment of the left MCA, which was considered an atherosclerotic change (Fig.3A) . Cross compression study of the circle of Willis revealed an insufficient collateral through the anterior-and the posterior-communicating arteries. Under continuous monitoring of electroencephalography (EEG), test occlusion of the left ICA was performed with occlusion balloon catheter.* The patient became hemiplegic and aphasic immediately after inflation of balloon. Slowing (theta and delta waves) of EEG tracing was also noticed.
Since the superficial temporal artery and occipital artery were less than 1mm in diameter, the saphenous vein graft was planned. Under general anesthesia, the saphenous vein was harvested from the right thigh. An interposition graft was done between the left external carotid artery and proximal M2 segment of the left MCA. This procedure was performed without systemic heparinization. Postoperatively, she remained neurologically intact, and the pulsation of the graft was very good.
Second angiography was done six days after the bypass surgery, and it showed a widely patent venous graft with good visualization of the left MCA. The size of the aneurysm was unchanged, but contrast layering was seen within the sac and the aneurysm was opacified much slowly. It was considered that the preferential flow to the aneurysm had changed from anterograde to retrograde inflow pattern through the bypass. The patient tolerated well during a 20-minute test occlusion of the left ICA. A No. 16 Debrun latex balloon catheter attached to a Teflon coaxial catheter system was located in the left ICA just below the aneurysm. The balloon was detached after inflating it with water soluble contrast media. Second and third balloons were subsequently detached at the cervical segment of the ICA as a 'fail-safe' mechanism. A control angiogram showed the balloons in the destined position occluding the left ICA. Collateral circulation through the bypass did not show retrograde filling of the aneurysm (Fig.3A, B) .
During the immediate post-occlusion period, the patient was monitored closely in the neurosurgical intensive care unit. Low dose antiplatelet medication was given and systemic blood pressure was maintained at a slightly higher level than pretreatment state. On the second post-occlusion day, she suddenly lapsed into stuporous state. A CT scan showed a massive SAH and acute dilatation of the ventricles. There was a sickle shaped high density hemorrhage in the wall of the aneurysm, which seemed to be the site of rupture (Fig.4 ). An emergency ventricular drainage was done to reduce the intraventricular pressure below 20mmHg. Despite aggressive medical treatment, the patient deteriorated rapidly into coma 
